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Repair for large segmental bone defect resulting from trauma, infection or tumor is a diffi-cult problem due to the limitations of bone graft materials such as autologous bone, homologous vari-ant bone and heterogeneous bone. The tissue engi-neering technique brings new hopes for repair of bone
defects. Scaffold material is one of important objec-
tives for bone tissue engineering studies and the prepa-
ration of scaffold material with rich sources, low cost
and good performance has become achievable. Although
there are many reports worldwide on the use of hetero-
geneous bones (such as Keil bone, Bio-Oss bone) as
scaffold materials in bone tissue engineering in recent
years,1 problems on immunogenicity and biomechanical
properties are still not completely solved, both of which
may result in a poor osteogenesis and are suitable only
for repair of small bone defects or bone defects in small
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【Abstract】Objective:    To study biomechanical
changes of newly formed bones 24 weeks after repairing
large defects of long bones of goats using heterogeneous
deproteinated bone (DPB) prepared by modified methods
as an engineering scaffold.
Methods:    According to a fully randomized design, 18
goats were evenly divided into three groups: normal bone
control group (Group A), autologous bone group (Group B)
and experimental group (Group C). Each goat in Groups B
and C were subjected to the periosteum and bone defect at
middle-lower part of the right tibia (20% of the whole tibia in
length), followed by autologous bone or DPB plus autolo-
gous MSCs + rhBMP2  implantation, respectively and semi-
ring slot fixation; while goats in Group A did not perform
osteotomy. At 24 weeks after surgery, biomechanical tests
were carried out on the tibias.
Results:    At 24 weeks after surgery, the results of anti-
compression test on tibias in three groups were recorded
by a functional recorder presented as linear pressure-defor-
mation curve. The shapes of the curves and their change
tendency were similar among three groups. The ultimate
pressure values were 10.74 MPa±1.23 MPa, 10.11 MPa±1.35
MPa and 10.22 MPa±1.32 MPa and fracture compression
rates were 26.82%±0.87%, 27.17%±0.75% and  28.22%±
1.12% in Groups A, B and C, respectively. Comparisons
of anti-compression ultimate pressures and fracture com-
pression rates among three groups demonstrated no sig-
nificant difference (PAB=0.415, PBC=0.494). Three-point anti-
bend test on tibias was recorded as load-deformation curves,
and the shapes of the curves and their change tendency
were similar among three groups. The ultimate pressure values
of the anti-bend test were 481.52 N±12.45 N, 478.34 N±14.68 N
and 475.62 N±13.41 N and the fracture bend rates were 2.62
mm±0.12 mm, 2.61 mm±0.15 mm and 2.81 mm±0.13 mm in
Groups A, B and C, respectively. There was no significant
difference between groups (PAB=0.7, PBC=0.448). The ulti-
mate anti-torsion torque values were 6.55 N·m±0.25 N·m, 6.34
N·m±0.18 N·m and 6.42 N·m±0.21 N·m and fracture torsion
rates were 29.51°±1.64°, 28.88°±1.46° and 28.81°±1.33° in
Groups A, B and C, respectively. There was no significant
difference between groups (PAB=0.123, PBC=0.346).
Conclusions:    The biomechanical characteristics of
newly formed bones from heterogeneous DPB for repairing
large segmental long bone defect are comparable to those
of normal bones and autologous bones. DPB has the po-
tential for clinical usage as bone graft material.
Key words:   Biomechanics; Tissue engineering;
Deproteinated bone
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animals. There are rare reports on researches of bio-
mechanical properties during repairs of large seg-
mental bone defect in large animals with heterogeneous
bones. This experiment hence employed heterogeneous
deproteinated bone (DPB) prepared by modified meth-
ods as an engineering scaffold.2 During the preparation
of heterogeneous DPB, bone-induced cytokine rhBMP2
was added in order to endow the complex with bone-
inductive ability besides the biodegradable and bone-
conductive properties. What is more, the goat autolo-
gous mesenchymal stem cells (MSCs) were also added
during the preparation to form a heterogeneous DPB
complex. This research, adopting the complex to re-
pair large segmental bone defect in goat tibia, aimed to




The materials and instruments used in this study
were as follows: fresh adult pig femur, goat (Animal
Center of Third Military Medical University, China), 60Co
irradiation machine (Radiation Center in Southwest
Hospital, China), scanning electron microscope (Amrar,
USA), X-ray diffraction analysis of scattering and X-ray
analyzer (D/MAX-rA, Japan), infrared spectrometer
(Perkin Elmer Co, USA) and RGT-5A omnipotent bio-
mechanical testing instrument (Shenzhen Repaglinide
Co, China), ultra-low temperature refrigerator (Nuair,
Japan), AMRAR-1000 scanning electron microscope
(Amrar, USA), RGT-5A universal biomechanics tester
(Shenzhen Ruige Co, China) and rhBMP2 (Sigma,
USA).
Preparation of DPB
DPB was prepared with modified method.2 After re-
moval of soft tissue and bone marrow, the fresh pig
femurs were cut into 30 mm×3 mm×3 mm bone blocks.
The bone blocks were immersed in 20% H2O2 for 48
hours, 5 mmol / L NaN3 for 12 hours, NaOH (1 mmol/L)
solution containing 1% Triton X-100 for 10 hours, pro-
tease for 6 hours, 1:1 methanol / chloroform mixture for
24 hours, ether for 12 hours and ethanediamine for 24
hours (Soxhlet extractor). The bone was dried below
50°C and frozen at a -80°C ultra-low temperature refrig-
erator for three months. The dried bones were taken
out, packaged in vacuum, and then sterilized by 60Co
and preserved at -4°C. Some of them were then im-
mersed in a solution containing 75 ng/ml rhBMP2 for 2
hours.3 Five pieces of DPB were selected for scanning
electron microscope analysis and for aperture size and
porosity measurement with the LabwrrksTM image
analysis system.
Grouping of the animals
In this experiment, 18 goats, either sex, aged 10 to
12 months with body weight of 22.5 kg±2.5 kg, were
fed in individual cages. Goats were divided randomly
into three groups with 6 goats in each group. The con-
trol group (Group A) was normal goats without
osteotomy. Autologous bone group (Group B) received
autologous bone implantation into the bone defect area.
And experimental group (Group C) was treated with
implantation of DPB plus autologous MSCs+rhBMP2.
Culture of goat MSCs and complex culture with
heterogeneous DPB
MSCs were cultured and collected with the con-
centration of 1.0×106 cells/ml, and inoculated in 2 ml
cell suspension to a piece of heterogeneous DPB or a
piece of heterogeneous DPB with rhBMP2 followed by
cultivation in CO2 incubator for 6 hours under condi-
tions of 37°C, 5% CO2, and saturated humidity. After
that, 1 ml of DMEM medium supplemented with 15%
FBS was added and the medium was ordinarily replaced
2 to 3 days later. The complex was fixed with 3% glut-
araldehyde after cultivation for 5 days and observed
under a scanning electronic microscope.
Surgical procedures
X-ray photograph of bilateral tibias was taken be-
fore operation and at the same time the length of tibia
shaft and transverse diameter of middle-lower segment
of the tibia were measured. All the bone defect model
establishment and external fixation were accomplished
by the same operators. Combined anesthesia was given
by intramuscular injection of sumianxin and ketamine
with the dosage of 0.08 ml and 2 mg/kg, respectively,
and maintained anesthesia with ketamine during
operation. We used a semi-ring slot fixer to fix the tibia
and all screws were tightened.4, 5 According to the tibia
length measured on X-ray photography, a 20% perios-
teum and bone defect in length was made at the middle-
lower region of right tibia (osteotomy length at middle-
lower region of tibia / total length of tibia×100%).6 The
wire saw was used to saw off the tibia and periosteum
between fixation pin holes for autologous bone group
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absorption zones formed with different sizes and irregular
shapes at 8 weeks after operation. At 12,16, 20, and
24 weeks after operation, the high-dense calcification
shadow appeared between the stumps of the bone de-
fect area. New bone completely connected to the two
ends and the shadow of marrow cavity was observed
(Figures 1-2).
Figure 1. A small quantity of transplanted material was observed
at 12 weeks after operation in experimental group in the bone
defect zone repaired by new bone tissue.
Biomechanical results
Anti-compression test results in three groups pre-
sented with linear pressure-deformation curve. The curve
declined slightly after the peak, then formed a platform
phase, in which bones were not obviously deformed as
pressure increased. And bones were broken when the
pressure increased to the ultimate value, which pre-
sented by a tilt downward curve. The shapes of curves
and their change tendency were similar among three
groups. The ultimate pressure values obtained in anti-
compression tests were 10.74 MPa±1.23 MPa, 10.11
MPa±1.35 MPa and 10.22 MPa±1.32 MPa in Groups
A, B and C, respectively. Fracture compression rates
were 26.82% ±0.87%, 27.17%±0.75% and 28.22%±1.12%
and experimental group, and then different bones were
implanted in different groups. MSCs were derived from
auto-bone marrow of goats, and finally the incision was
closed. The screws were examined every day postop-
eratively to check if they were tightened and the posi-
tion and alignment were observed by means of X-ray
photography and timely adjusted if necessary. Within
one week, the wounds and pin holes were disinfected
by spraying iodophor and animals were administered
penicillin at a dosage of 1.6 million U by intramuscular
injection every day postoperatively. Animals were fed
conventionally with high-protein diet.
Biomechanical determination
At 24 weeks after operation, bilateral tibias were
taken out from goats in every group, the soft tissues
were removed from tibias and anti-compression, anti-
torsion and anti-bend tests were conducted. Both ends
of the tibia were fixed with dental base acrylic resin
powder gel (6 cm in diameter) and the tibia was placed
on a loading platform. The tibia was loaded with a mov-
ing speed of 1 mm/s and load measurement accuracy
was 1 N and deformation measurement accuracy was
0.005 mm. The load-deformation curve was recorded.
The measurement values of the tibias receiving surgery
were compared with the standard value that obtained
by averaging values of lateral tibias.
Statistical analysis
The data were expressed by χ ± s and SPSS 13.0
statistical software was adopted to analyze variance of
biomechanical values and q-test in each group.
RESULTS
General conditions
No ulceration or suppuration was observed in the
wounds and no death occurred after operation. Goats
regained consciousness 2-6 hours after operation and
were able to stand up to eat. Injured limbs could touch
the floor without weight-bearing within 2 days after
operation, and were partially capable of weight-bearing
2 weeks later. At the third week, there was slight limp
and at the fourth week they returned to normal activity
without limp.
Imaging observation
The implanted edge was coarse in the bone defect
area at 4 weeks after operation. The translucent bone
Figure 2. The high-dense calcification shadow appeared be-
tween the stumps of the bone defect zone. New bone completely
connected with the two ends. Most of new bones were molded
and the shadow of marrow cavity was observed at 24 weeks
after operation in experimental group.
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in Groups A, B and C, respectively (Figure 3). Compari-
sons of anti-compression ultimate pressures and frac-
ture compression rates among three groups did not
show significant difference (PAB=0.415, PBC=0.494).
Anti-bend results in three groups were recorded as
load-deformation curve. The ultimate pressure values ob-
tained in anti-bend tests were 481.52 N±12.45 N, 478.34
N±14.68 N and 475.62 N±13.41 N in Groups A, B and C,
respectively. Fracture bend rates were 2.62 mm±0.12 mm,
2.61 mm±0.15 mm and 2.81 mm±0.13 mm in Groups A,
B and C, respectively (Figure 4). There was no significant
difference in anti-bend ultimate pressures and fracture bend
rates among three groups (PAB=0.7, PBC=0.448).
Anti-torsion results were recorded as load-deforma-
tion curve. The curve changed in a linear tendency as
torque increased. The ultimate anti-torsion torque val-
ues were 6.55 N·m±0.25 N·m, 6.34 N·m±0.18 N·m and
6.42 N·m±0.21 N·m, in Groups A, B and C respectively.
Fracture torsion rates were 29.51°±1.64°, 28.88 °±1.46°
and 28.81°±1.33°, in Groups A, B and C (Figure 5)
respectively. There was no significant difference in anti-
torsion ultimate torques and fracture torsion rates
among three groups (PAB=0.123, PBC=0.346).
DICUSSION
Disadvantages of heterogeneous bone in clinical
application are mainly its strong immunogenicity and
poor osteogenesis as well as safety problems.7 Evalu-
ation on osteogenesis ability includes not only the num-
ber of newly formed bones but also their qualities. The
modified method for heterogeneous DPB preparation
preserves collagens, peptides, lipids and cells, reduces
the antigenicity, and maintains mechanical strength and
the natural network hole system providing a good three-
dimensional structure for cell adhesion, proliferation and
differentiation. In addition, the modified method include
addition of bone-induced cytokine rhBMP2 and complex
of goat autologous MSCs before implantation. Thus the
complex is endowed with bone-inductive ability besides
bone-conductive property and osteogenesis and the
qualities will be enhanced greatly.
This experiment mainly investigated biomechanical
properties of newly formed bones during repair of bone
defects.8 The results demonstrate that no ulceration or
suppuration was observed in wounds and no death oc-
curred for all goats after surgery. The results on anti-
compression ultimate pressures and fracture compres-
sion rates, anti-bend ultimate pressures and fracture bend
rates and anti-torsion ultimate torques and fracture tor-
sion rates between experimental group and control group
showed no statistically significant difference. It suggests
that the heterogeneous DPB complex for repairing large
segmental long bone defect is comparable to autologous
bone, which provides a new protocol for clinical repair of
bone defect. The safety on clinical application of hetero-
geneous DPB complex needs to be further studied.9 Het-
erogeneous DPB is expected to be widely used in clini-
cal repair of bone defect when its safety is confirmed
Figure 3.  Breaking compression ratio (%) detected by anti-com-
pression test. A: control group, B: autogenous bone group, C:
experimental group.
Figure 4. Breaking curvature (mm) detected by anti-bending test.
A: control group, B: autogenous bone group, C: experimental group.
Figure 5. Breaking torsion angle (°)  detected by anti-intortion
test. A: control group, B:autogenous bone group, C: experimental
group.
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such as humoral immunity and cell immunity, etc.
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